Different parts of Bellis perennis were subjected to hydrodistillation and the products were subsequently analyzed by GC and GC/MS. Aqueous and methanol extracts were prepared from the aerial parts. Antioxidant [1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging, reducing activity, total antioxidant] and antimicrobial activity of the plant materials were studied. The aqueous extracts showed higher DPPH scavenging activity (85.8% at 102.5 µg/mL) than the methanol extract. Reducing power was also observed for both tested extracts, where the formation of linoleic acid peroxides was more for the aqueous extract than the methanol extract. Antimicrobial activities of all plant materials were evaluated at varying concentrations against a panel of pathogens, but without pronounced inhibitory effect.
In this present study, six different B. perennis samples were collected from four different locations from Turkey. The different plant parts and samples were subjected to hydrodistillation and extraction for further in vitro antioxidant and antimicrobial activities. To the best of our knowledge this is the first report on the composition and biological activity of Bellis species growing in Turkey.
The hydrodistilled B. perennis samples were immediately analyzed both by GC/FID and GC/MS (Table 1) . Overall, 82 components were identified from all investigated samples. B. perennis from Rize (A) was first distilled and subsequently analyzed separately as flower (B) and leaves (C). As the composition did not show any major difference, the flowers and leaves of the plant material from other locations (D and F) were hydrodistilled together.
The major constituents were cis-chrysanthenyl acetate (0-2.2%), γ-himachalene (5.2-17.4%) , germacrene D (0.2-6.4%), tetradecanal (0.1-8.6%), pentadecanal (tr-4.4%), hexahydrofarnesylacetone (0-2.2%), phytol (3.5-30.4%), nonacosane (0-3.2%), and hexadecanoic acid (14.0-87.6%), as seen in Table 1 . In sample A, 30 components were identified, representing more than 99% of the total, in which hexadecanoic acid was the major constituent. Phytol was the major constituent of sample B, in which fifty-five compounds were identified. Analyses of sample C resulted in the identification of thirty eight compounds with hexadecanoic acid the major constituent, forming more than 32% of the total. When compared, the composition of samples D and E resembled more that of the first group. Sample F, from Antalya, however, showed slight differences in its chemical composition. In the present study the antimicrobial activities of the B. perennis volatiles and methanol extracts were tested against Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Enterobacter aerogenes, Proteus vulgaris, Salmonella typhimurium, and the pathogenic yeast Candida albicans. The results showed that all the bacterial strains and C. albicans were resistant to the volatiles, as well as the methanol extract. The MICs of the methanol extract of B. perennis for all the strains was found as >2.0 mg/mL, with moderate to low antimicrobial activity.
The methanol and aqueous extracts of B. perennis showed a concentration dependent antiradical capacity (%) by scavenging DPPH radical. The aqueous extract showed higher radical scavenging activity (5.8 % at 102.5 µg/mL) compared with the methanol extract (79.6 %). IC 50 values for aqueous and methanol extracts were 178.8 and 174.2 µg/mL, respectively. The IC 50 value for ascorbic acid was 2.2 µg/mL under the same conditions. The reductive capabilities (as measured against the absorbance at 700 nm) of aqueous and methanol extracts increased with concentration. The aqueous and methanol extracts were also compared to a known reducing reagent, ascorbic acid. The absorbances at 700 nm at a concentration of 77 µg/mL of methanol and aqueous extracts of B. perennis were determined as 0.118 ± 0.022 and 0.174 ± 0.010, respectively (control 0.016 + 0.003; ascorbic acid 3.625 + 0.003).
Total antioxidant capacities of aqueous and methanol extracts of B. perennis were determined by the thiocyanite method (Figure 1 ).
According to the literature only a few previous studies about the phytochemistry and biological activity of B. perennis were found [2d, 3a-3e] , which include the characterization of polyacetylenes [2d,3a] , the presence of volatiles, saponins and flavonoids, respectively [2d, 3a-3d] . The methanol extract as well as its saponin fraction was found to be antihyperlipidemic [3c], volatile polyacetylenes were demonstrated as the active antimicrobial principles [3a] . However, the essential oil or volatiles of this species have not been previously studied in detail. In this present study, the aqueous and methanol extracts showed less potent reducing power than the control ascorbic acid. The reducing powers of both extracts were concentration dependent. Total antioxidant capacities of the aqueous and methanol extracts were determined by the thiocyanide method (modified Bloid method), in which peroxides are formed in the emulsion during incubation. The presence of B. perennis extracts in the linoleic acid emulsion reduced the formation of peroxides (Figure 1) .
It is known that B. perennis is used against various complaints in Turkish folk medicine and its antioxidant and radical scavenger activities may play a role in some of these complaints. It is also worthwhile to extend the biological activity evaluation on other organisms and use other fractions of the plant as well.
Experimental
Plant material: Four populations of B. perennis: A: Rize-İkizdere-Sivrikaya, herb, B: Rize-İkizdere-Sivrikaya, leaf, C: Rize-İkizdere-Sivrikaya, flowers, D: Rize-İkizdere-Dereköy, herb, E: Rize-İkizdere-Köhçer, herb, F: Antalya-Alanya, herb. Voucher specimens are kept at the Herbarium of Gazi University, Ankara, Turkey. The plant material was dried in the shade at room temperature. The herb with flowers was coarsely ground prior to either extraction or distillation.
Aqueous and methanol extract: The dried plant material (10 g) was extracted either with water or methanol (2 x 100 mL) at room temperature for overnight and then filtered. The filtered extracts were lyophilized to afford aqueous (1.1 g) and methanol (0.60 g) extract respectively.
Isolation and analysis of the volatiles:
The air dried plant materials (A-F) were hydrodistilled for 3 h using a Clevenger-type apparatus to produce a small amount of essential oil, which was trapped in n-hexane and stored at 4°C until use. The volatiles obtained by hydrodistilllation were analyzed both by GC and GC/MS analyses, under the experimental conditions as reported earlier [4a] . Identification of the individual oil components was carried out by comparison of their relative retention times with those of authentic samples, by comparison of their relative retention index (RRI) to the series of n-alkanes, or computer matching against commercial (Wiley and MassFinder 3.1) and in-house "Baser Library of Essential Oil Constituents" libraries, as well as MS literature data [4b] were used for the identification of individual components. 
Microorganisms and growth conditions:
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Broth microdilution method: Broth microdilution susceptibility assay [5] was used for the antimicrobial evaluation of the volatiles and the methanol extract (Table 2) . Stock solutions of the volutes and the extract were prepared in dimethylsulfoxide (DMSO). Dilution series were prepared in sterile distilled water in microtest tubes from where they were transferred to 96-well microtiter plates. Bacterial suspensions grown overnight in Mueller Hinton Broth (MHB) were standardized to approximately 10 8 CFU/mL (using McFarland no. 0.5). Each bacterial suspension (100 μl) was then added to each well. The last row containing only the serial dilutions of antimicrobial agent without microorganism was used as negative control. Sterile distilled water and medium served as a positive growth control. Chloramphenicol was used as standard antibacterial agent whereas ketoconazole was used as standard antifungal. Lowest concentration of substances that inhibited the visible growth was defined as Minimum Inhibitory Concentrations (MIC) expressed in mg/mL. Experiments were repeated in duplicates.
Antioxidant activity: 1,1-Diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging capacity. DPPH radical scavenging capacity was determined according to the Blois method [6] .
Reducing power: The reducing power of extracts were quantified by the method of Oyaizu [7a] .
Total antioxidant capacity:
The total antioxidant capacities of the extracts were determined according to thiocyanate method [7b].
